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ABSTRACT: Mangrove ecosystems are vulnerable to different types of contamination 
through various anthropogenic activities which threaten to system and their resident 
biota. This study aims to evaluate the eight heavy metals (Fe, Cu, Zn, Co, Cr, Ni, Pb and 
Cd) distribution in the mangrove sediments and their transfer rate in two inhabitant 
deposit feeder crabs (Macrophthalmus depressus and Austruca sindensis) near Hawks 
Bay. According to the sediment quality guidelines (SQGs), mangrove sediments were 
contaminated by Ni, Cu, Cr, Pb and Cd and considered infrequent or frequent adverse 
effect of these metals on benthic fauna. The significant differences (p <0.05) were 
observed in Fe, Ni, Cr and Pb concentrations between the sediment and crab species, but 
only Pb was observed significantly greater in crab species as compared to sediment. The 
levels of Fe, Zn and Cr were observed significantly higher in M. depressus as compared 
to A. sindensis, while other metals showed no significant differences between both 
species and showed similar rates of metal accumulation. Sediment biota accumulation 
factor (SBAF) showed the values of Cu, Pb and Cd greater than one, indicate the high 
transfer rate of these metals from sediment to both crab species through active 
accumulation. Pearson’s correlation analysis showed the dissimilar sources of metals 
contamination in sediment, whereas, strong inter-elemental correlations were observed in 
both crab species which indicates the similar source of metal accumulation. 
 
KEYWORDS: Heavy metals contamination, deposit feeder crab, bioaccumulation, 
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INTRODUCTION 
 
Mangroves inhabit coastal depositional habitats in tropical and sub-tropical 
worldwide and provide dynamic and resourceful ecosystem. As ecologically and socio-
economically, mangroves offer multi-dimensional services to human beings. They are 
rich in biodiversity, constitute a unique fauna and flora and a number of important 
fisheries linked with them, especially shrimp and crabs therefore, they are a treasure of 
natural resources. Mangrove sediment trap metals and other pollutants before they can 
enter the sea and act as a bio-filter for land based marine pollution (Dubinski et al., 1986; 
Saifullah et al., 2002). Sediment acts as a primary sink and secondary source for the 
several pollutants and this behavior reflects the historical deposition, sources, and effects 
of anthropogenic and lithogenic inputs of contaminants. Therefore, the evaluation of 
sediment is more conservative and reliable to determine the intensity of contamination 
and toxicity in a marine environment (Marchand et al., 2006). In spite of their immense 
importance, mangrove ecosystems are increasingly degraded, mainly due to over 
exploitation and mismanagement. It is unfortunate that the mangroves of the area are  
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Fig. 1. Map of the coastline of Pakistan showing the magnifying image of sampling site. 
 
deteriorating rapidly (Pernetta, 1993) due to several anthropogenic stresses includes 
hypersalinity, anthropogenic activities, urban sprawl, economic crisis, over exploitation 
of mangrove resources, conservation and management complications (Saifullah, 1997).  
The shores of Karachi, which forms the westernmost part of the Indus delta, support 
a dense vegetation of mangroves (Avicennia marina) which cover several small islets 
separated by small and large creeks that are flushed twice daily with semi-diurnal tides 
(Saifullah, 1997). The city is the most densely populated and the largest industrial city of 
Pakistan, therefore, this coast, facing the most serious ecological concerns and heavy 
metals contamination is one of the most substantial categories of pollution. Studies on 
heavy metals pollution in mangrove habitats of Pakistan is extremely inadequate, some 
studies have been reported the metals contamination in mangrove and coastal sediment 
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(Saifullah et al., 2002; Saifullah et al., 2004; Siddique et al., 2009; Mashiatullah et al., 
2013; Ismail et al., 2014) but metal accumulation in mangrove fauna is limited.  
The current study aimed to evaluate the heavy metal concentrations in sediments and 
two Ocypodoid crab species (Macrophthalmus depressus and Austruca sindensis) in 
mangrove habitat near Hawks Bay, Karachi, Pakistan. Sediment biota accumulation 
factor was calculated to assess the hyper accumulation of heavy metals in crabs with 
respect to sediment metal loadings. The inter-elemental correlation in both crab species 
was also evaluated to assess the sources of heavy metals in the marine environment. 
 
MATERIALS & METHODS 
 
The sediment and crab samples were collected during January 2012 at low tide in 
backwater mangrove areas near Hawks Bay (24° 50’N, 66° 54’ E), Karachi. The two crab 
species (Macropthalmus depressus and Austruca sindensis) were randomly collected 
through excavating their burrows. At least 5 male and 5 female crabs of both species 
were gathered in separate plastic bottles. The sediment cores (20 cm long) were also 
collected through PVC core from the site. The both sediment and crab samples were kept 
in the icebox then brought to the laboratory and store dry freeze until analysis. 
The crabs were washed with plenty of distilled water and each crab species were 
pooled to make a composite sample. The crabs were oven dried at constant weight, then 
grounded and homogenized. Dry crab samples (1.0 g) were mixed with 5 ml of 
concentrated hydrochloric acid (HCl) and 2 ml of nitric acid (HNO3) and heated and 
boiled off to near dryness then added 10 ml of hydrogen peroxide (H2O2). Samples were 
filtered and diluted up to 50 ml using distilled water (Leung & Furness 1999). 
Approximately, 1.0 g of sediment samples were digested at 90 °C for an hour on a hot 
plate with 10 ml mixtures of HNO3 and HCl (1:3) then filtered and diluted up to 50 ml 
with distill water (Qari et al., 2005). Sediment and crab samples were analyzed for the 
eight metals (Fe, Cu, Zn, Co, Ni, Cr, Pb and Cd) using Atomic Absorption Spectrometer 
(Perkin Elmer (USA), model A Analyst 700). 
 
RESULTS AND DISCUSSION 
 
Heavy metals levels in sediments and crabs: 
The eight heavy metals (Fe, Cu, Zn, Co, Cr, Ni, Pb, and Cd) concentrations (µg g-1 
dry weight) evaluated in sediments and two crab species from a mangrove area near 
Hawks Bay, Karachi, Pakistan (Table 1). The sediments and both crab species showed a 
variable accumulation pattern of the heavy metals, for instance, Fe > Cr > Zn > Ni >Pb> 
Cu > Co > Cd µg g-1in sediments, in A. sindensis metals levels observed as Pb> Cu > Zn 
> Fe >Ni > Cr > Co > Cd µg g-1, whereas in M. depressus followed Fe >Pb> Zn > Cu > 
Ni > Cr > Co > Cd µg g-1. The variations of heavy metal accumulation in sediment and 
two crab species were scrutinized by one-way ANOVA analysis followed by Tukey’s 
comparison, the significant differences were accepted at p = 0.05. Iron, nickel and 
chromium concentrations were observed greater (more than a few orders of magnitude) in 
sediments as compared to crab species (Table 1) signify that these metals showed low bio 
availability towards the active accumulation in crabs or may be saturation kinetics 
involved in this condition. The literature regarding Fe in decapod crustaceans, especially  
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Table 1. Heavy metal concentrations (µg g-1) in sediments and two crab species from 
mangrove area near Hawks Bay, Karachi. 
 
Metals Sediments M. depressus A. sindensis ANOVA analysis 
 N = 9 N = 6 N = 6 p-value Tukey’s 
comparison 
Fe 1005.5 ± 7.27 259.9 ± 190.2 33.1 ± 31.3 <0.001 S >M.d>U.s 
Cu 32.72 ± 7.79 86.5 ± 33.2 58.2 ± 42.9 >0.05 M.d ≈ U.s ≈ S 
Zn 63.12 ± 17.01 88.38 ± 21.52 39.3 ± 40.9 >0.05 M.d ≈ S ≈ U.s 
Co 11.03 ± 0.86 9.72 ± 2.33 6.77 ± 3.80 >0.05 S ≈ M.d ≈ U.s 
Ni 50.48 ± 1.09 31.17 ± 4.15 25.92 ± 7.36 <0.001 S >M.d>U.s 
Cr 182.3 ± 106.1 11.94 ± 1.10 7.30 ± 0.25 <0.001 S >M.d ≈ U.s 
Pb 42.44 ± 3.19 102.64 ± 9.57 94.13 ± 21.77 <0.001 M.d ≈ U.s> S 
Cd 1.40 ± 0.03 2.04 ± 0.33 1.54 ± 0.70 >0.05 M.d ≈ U.s ≈ S 
Significant differences accepted at 0.05. 
 
crabs, were scarce. The concentration of Fe in sediments, M. depressus and A. sindensis 
were observed as 1005.5 ± 7.27, 259.9 ± 190.2 and 33.1 ± 31.3µg g-1, respectively (Table 
1). In this study, Fe was observed low concentration in A. sindensis but high levels in M. 
depressus as compared to U. tangeri from the Spanish coast (Blasco et al., 1999). 
The Ni concentration was observed highest in sediments (50.48 ± 1.09µg g-1) as 
compared to both crab species (M. depressus = 31.17 ± 4.15µg g-1 and A. sinsensis = 
25.92 ± 7.36µg g-1). The Ni concentrations were observed very high in both crab species 
from the reported levels for decapod crustaceans worldwide (Bryan, 1976). The muscle 
tissue of most marine biota seldom contains nickel concentrations in excess of 0.3 g/g 
wet weight (Eisler, 1981). The high accumulation of Ni in crabs may be due to the intake 
of Ni contaminated sediment as these both species are deposit feeder species, and the 
main sources of Ni pollution in sediments include cosmetics, cellulose compounds, paints 
and pigments, steel and alloys, electroplating solutions, batteries, varnishes, spark plugs 
and gasoline (Cameron, 1992). 
The Cr concentration was observed highest in sediments (182.3 ± 106.1µg g-1) as 
compared to both crab species (M. depressus = 11.94 ± 1.10µg g-1 and A. sinsensis = 7.30 
± 0.25µg g-1). The concentrations of Cr were also observed greater than the levels 
reported for decapod crustaceans from different parts of the world (Bryan, 1976). Cr is 
mobile in the hexavalent form, and can be highly toxic as compared to reduced trivalent 
form. Cr+6 is the major form of Cr used in various industries such as chrome plating, 
varnishes, dye fixers, corrosion inhibitors, photographic emulsions, electroplating, steel 
and other alloys (Cameron, 1992).  
The mean concentrations of Pb (42.44 ± 3.19) were observed in sediments, (102.64 ± 
9.57) in M. depressus and (94.13 ± 21.77) in A. sindensis. It showed the significantly 
greater in both crab species as compared to sediments (Table 1). It was observed fewer 
times greater in both crab species than reported concentrations in different decapod 
crustaceans (Bryan, 1976). Lead is non essential element, that why its not regulate by the 
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organism only accumulated in tissues at all levels and tends to be detoxified by 
metallothioneins or phosphate granules (Rainbow, 1997; MacFarlane et al., 2000). The 
high accumulation rate of Pb in both crab species, even greater than the environmental 
levels probably due to the various anthropogenic sources around the sampling site, these 
includes, traffic exhaust, lead–zinc smelters, paints and batteries (Cameron, 1992). The 
results revealed that the only Pb concentration was observed significantly greater in crab 
species than the sediment, indicates that both species have potential as an indicator of Pb 
contamination due to high accumulation rate.  
The levels of Cu, Zn, Co and Cd, showed no significant differences among the 
sediment and crabs, shows that crabs and sediment equally contribute in accumulation or 
adsorption of these metals. The average concentration of Cu was observed similar to 
decapod crustaceans reported from other parts of the world (Bryan, 1976). Cu is an 
essential nutrient in the synthesis of hemocyanin for decapods built above the 
requirement and/or at elevated concentration this regulatory process terminates and 
initiate metal accumulation (White and Rainbow, 1982). The average concentration of Zn 
was observed similar to decapod crustaceans reported from other parts of the world 
(Bryan, 1976). For marine crustaceans, the highest concentration recorded in muscle was 
57 mg Zn/kg fresh weight in the king crab, Paralithodes camtschatika (NAS, 1974; 
Eisler, 1981), and it’s influenced by seasons and maturation. Molting results in a 33–50% 
loss of Zn through excuviae and feces in marine crustaceans and play an important role in 
Zn circulation in the marine environment (Eisler, 1981). High zinc concentration in 
crustaceans are usually associated with industrial contamination. 
In the aquatic environments, main anthropogenic sources of Co include mining and 
processing, alloys, cobalt containing chemicals, agricultural surplus, sewage and urban 
wastes (Hamilton, 1994). Little information is present regarding the Co bioavailability 
and accumulation in crabs. The main anthropogenic sources of CD in the marine 
environment include electroplating, alloys, coatings, batteries, fungicides, phosphate 
fertilizers, pigments, rubber, plastics, old motor oil, textile manufacturing and sewage 
sludge (Cameron, 1992). Cd concentrations were observed higher than the values 
reported from M. japonicas (Na and Park, 2012). 
Inter-elemental correlation in crabs: 
Pearson’s correlation analysis was used to assess the inter-elemental relationships in 
both crab species separately (Table 2). Mostly strong correlations were observed between 
the pairs of metals for both crab species indicates that the metals were accumulated by 
similar sources. Moreover, positive relationship between the most of the metals reveals 
that these metals are highly associated with each other. However, Cr levels in A. iranica 
showed strong negative correlation with all metals indicated that if the other metals levels 
increase in the crab then Cr accumulation in crab going decrease. In the M. depressus, 
only Co concentrations showed no relationship with any other metal indicates the 
different source of accumulation. 
Accumulation Factor (AF): 
The sediment biota accumulation factor was calculated by the following equation: 
SBAF = Metals Biota / Metals Sediment. The value of AF greater than one (>1.0) indicates 
the active accumulation of metals, whereas, if it seem below than one this showed no 
active bioaccumulation of metal in an organism. The accumulation factor (AF) showed 
the Cu, Pb and Cd values greater than one, signifies the active bioaccumulation of these  
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Fe Cu Zn Co Ni Cr Pb Cd
A. sendensis 0.03 1.56 0.50 0.61 0.51 0.04 2.20 1.11
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metals in both crab species (Fig. 2). Heavy metals accumulate vigorously in deposit 
feeder mangrove crabs and disturbed mangrove ecology as well as resources, 
comprehensive approaches towards the biomonitoring of the food web is necessary to 
sustain the coastal and estuarine environment. Active accumulation of Cu in crabs is not 
an unusual phenomenon, Cu is an essential metal for decapod crustaceans and regulates 
the metabolic activities, but at a higher level, it also accumulated in tissues (Bryan, 1971; 
Rainbow, 1985). Conversely, Pb and Cd are not essential metals, but they are toxic at low 
concentrations. Non-essential metals are not regulated and accumulation can occur at all 
concentrations (Brouwer & Lee, 2007; Rainbow, 1985). The molting of the crab 
Carcinus maenas did not reduce Cd levels, which may also explain the high AF for toxic 
metals in the fiddler crab (Bondgaard and Bjerregaard, 2005). 
 
 
Fig. 2. Accumulation factor (AF) of eight studied metals (Fe, Cu, Zn, Co, Ni, Cr, Pb, Cd) 
in two crab species. 
 
CONCLUSION 
 
The levels of Cu, Zn, Co and Cd were showed no significant differences among the 
sediment and both crab species, however, the levels of Fe, Cr and Ni were significantly 
higher in sediments as compared to crab species, signify that these metals showed low 
bioavailability towards the active accumulation in crabs or maybe saturation kinetics 
involved in this condition. The results revealed that the only Pb concentration was 
observed significantly greater in crab species than the sediments, indicates that both 
species may be useful as an indicator of Pb contamination due to high accumulation rate. 
Pearson’s correlation analysis indicates the similar metals accumulation sources in both 
species. The accumulation factor (AF) showed the Cu, Pb and Cd values greater than one, 
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signifies the active bioaccumulation of these metals in both crab species. Heavy metals 
accumulate vigorously in deposit feeder mangrove crabs and disturbed mangrove ecology 
as well as resources, comprehensive approaches towards the biomonitoring of the food 
web is necessary to sustain the coastal and estuarine environment. 
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